Abstract: Quality of experience (QoE) is a key indicator in assessing the level of satisfaction of services offered by network operators. Mobile operators use several generation of technologies; these are not only based on the dynamic evolution of the networks but also the need to satisfy user expectations under intense competition. This study propose a methodology that will give subjective rating of communication taking place using two different technologies based on key performance indicators (KPI) parameters of 3G and 4G networks generations. Our approach goes beyond simple initiation of communication maintained by the same technology but involves several communications scenarios, which for various reasons may require switching from one generation of mobile network to another. In our proposed model, the ability to process survey results from a user QoE evaluation perspective is validated by our selection and use of appropriate combination of KPIs for each technology. The formula used will allow operators to predict duration that an Inter-Radio Access Technology (RAT) communication must have in each generation of mobile network services. This may help maximize customer loyalty and satisfaction based on selection of specific parameters.
INTRODUCTION
The 1990s marked the beginning of real revolution in the field of telecommunications; an unbridled development which had the effect of changing the way of life of society at the same time giving rise to new needs. The emergence of several technologies and their deployment ushered in an increase demand on services.
While one technology is being deploy another is announced. Inevitably, operators have no options but to provide high communication quality under more complex and dynamic networking conditions [1] .These developments are evidence of the co-existence of the various network technologies such as (2G/3G/4G) with variable weighting by country and zones around the globe. A heterogeneous network consists of different Radio Access Technologies (RAT), which includes among others High-Speed-DownlinkpacketAccess (HSDPA), LongTermEvolution (LTE), Wireless Local Area -Network (LAN), and Worldwide Interoperability for Microwave Access (WiMAX) networks [2] .
The interaction between these technologies sometimes comes with the same service offer using same terminal in a complementary manner. The complexity resulting from these technologies by extension have consequences on the engineering, operations, maintenance and services in general. The challenge is how to navigate between these technologies seamlessly. This is typical of a situation were a subscriber terminal is subject to change of technology communication; or coverage of one of the technologies being affected by the physical position of the user. To achieve the best connectivity and quality of service (QoS), a handover process should execute seamlessly so that ongoing sessions can be maintained [3] . A handover is a process where an ongoing call or data session of the mobile user is transferred from current network to a new available network. It is categorized into horizontal (HHO) and vertical handovers (VHO).
The former is when a mobile user is switched between same Radio Access Technology (RAT) for example (Wi-Fi to Wi-Fi) symmetric and the latter when user is switched between different RATs such as (Wihttp://dx.doi.org/10.12785/ijcds/070402
http://journals.uob.edu.bh MAX to LTE) asymmetric [3] , [4] .
Today, commercial industry tools have capabilities that allow us to predict quality of listening; hence, the challenge to navigate seamlessly between these technologies is possible. These tools ensure accuracy between predicted values in objective ways and those actually perceived by (subjective) users. This approach is possible even in the case of Inter-Radio Access Technology (RAT) appeals. The quest for a unified theory to reconcile the two forms of quality assessment methods is yet to be fully addressed.
The relevance of our approach is demonstrated by simultaneous collection of subjective and objective data in an attempt to determine an objective formula. For example, the main user lambda should be able to realize his communication or connection with the best satisfaction. That is to say, be able to switch to the desired network at the right time to maintain better quality of service. The network operator should also be able to guarantee QoS delivery based on the terms and condition of the license agreement.
The responsibility of Regulatory control of quality of service to users' falls under the purview of Telecommunications Regulatory Authority in each country. It is enforced through periodic campaigns and the findings presented to operators for corrective action if and when necessary. Due to market competition and fear of sanctions, operators carry out similar campaigns and usually require financial and human resources. To measure quality of the network, several tools and techniques are available in the industry for use in both objective (measurement and monitoring) and subjective (evaluation campaigns) assessments. Each of these methods has advantages as well as disadvantages.
This article proposes a formula that will give subjective rating of communication taking place using two different technologies based on KPI parameters of 3G and 4G network services. Our approach takes into account objective and subjective evaluation methods. The rest of the paper is organized as follows: Section 2 explores related works; Section 3 discusses QoS/QoE assessment methods. Section 4 expands on the proposed bigenerational conversion approach. Section 5 analyzed the results of the simulation and finally Section 6 draws conclusion.
REVIEW OF RELATED WORKS
Mobile devices establish connection with the network via several telecommunications operators. Users on the other hand have expectations about services they receive from operators [5] . These expectations combined with additional factors determine 'users' quality of experience (QoE) of a given system or service. The term quality of experience is often misunderstood and narrowly associated with QoS [6] . ITU Rec.E.800 [7] defines QoS as 'the totality of characteristics of telecommunications services that bear on its ability to satisfy stated and implied needs of the combined effect of service expectations or experience of the user". From a service provider's perspective, a concept by which network parameters are define, measured and controlled to achieve a level of service satisfaction.
The European Telecommunication Standard Institute (ETSI) takes a similar approach to that of ITU's in their definitions, based on 1988 version of the E.800 REC [8] . The Internet Engineering Task Force (IETF) has even more than ITU and ETSI, taken a network centric view of QoS with the following definition [9] , 'a set of service requirements to be met by the network while transporting a flow'. In this definition, there is no mention whatsoever of 'users'. Quality of Experience (QoE) in contrast, is defined as: 'the overall acceptability of delivered service as perceived subjectively by the end user' [10] . Researchers characterize the term QoE as a multidimensional construct with subjective and objective factors intertwined in the user interaction as associated with perception, emotion, behavior, need, context, system and networking [11] . The concept is widely accepted and influenced by both system users and context centric factors [12] .
QoE modeling has important benefits, for example, because of its ability to measure and predict allows the possibility of moving from systems oriented quality evaluation methods into a more user centric approaches. Several studies on QoE have been published using different methods and techniques. For example, in classification and regression method, machine learning, data mining and statistical modeling algorithms have been employed for the prediction of QoE [13] . QoE models are limited to QoS parameters [14] . In [15] , Wu et al. gave a comprehensive account of QoE modeling problem. The authors proposed a conceptual model using QoE and QoS constructs. In their method, the parameters considered are concentration, attention and technology acceptance. However, this model did not take into account other context parameters such as location of user, type of mobile device used, and time of the day etc.
On the contrary, Mitra et al. [16] argues that 'inclusion of several context parameters in a QoE model could lead to an increase in QoE measurement and prediction accuracy especially in users' real-life environments. Therefore, the major challenge for operators and now customers is no longer based on the notion of 'the network offering the best quality of service', but the one best perceived from the point of view of the customer with better quality of experience (QoE).For example, users often have expectations about services offered to them by different operators. If they (users) are not satisfied with their quality of experience, they may switch http://journals.uob.edu.bh to different operator or stop using a particular application all together.
Using subjective and objective tests, QoE measurement can be performed [17] . Subjective tests involve direct data collection from users in the form of user ratings. For a given communication situations, service prescriptions and levels of QoS, the goal is to provide objective and subjective measures of users experience [18] . Quality of experience (QoE) is comprehensively explained in ITU International Standards. The goal of measuring quality parameters in the next generation networks with their impact on QoE is featured under ITU-T SG-12. A detail methodology for conducting subjective tests is also captured in [19] , where the method for subjective test is presented. It defines a methodology for measuring users QoE based on Mean Opinion Score (MOS) rating. MOS is widely used for subjective voice and video quality assessment where human test subjects, grade their overall experience on the Absolute Category Rating Scale (ACR).
QOE ASSESSMENT METHODS
Quality of experience (QoE) often emerges where quality of service is no longer sufficient. Due to difference in human perception, a user does not usually perceive a service in the same way as his peers. In [20] , QoE is defined as 'the overall acceptability of an application or a service, as perceived subjectively by the end user'. This definition is considered in some quarters as incomplete hence various institutions made the attempts to close the gap. For example, the European Network on Quality of Experience in Multimedia Systems and Services (QUALINET) through its white paper on Quality of Experience [21] endeavor a more comprehensive definition of Quality of Experience. It refers the term as the 'the degree of pleasure or annoyance of a user with respect to an application or a service'. It is the result of the fulfillment of expectations with regards to utility and or enjoyment of the application or service in the light of its personality and its present state'. This definition tends to place the customer more central and closer to users perception of the offered service. To better evaluate this perception of the user, several methods have been developed and grouped into Subjective surveys and objective methods.
The commonly used test methods are conversational opinion tests and listening opinion tests.
A. Subjective Surveys

TABLE1. SUBJECTIVE ASSESSMENT METHODS
Conversation-Opinion Test
Goal to produce as far as possible condition of services perceived by users. It is carried out in the laboratory. Conditions before and after experiment must be recorded and correctly preserved. Variant of DCR method. Compares the system to be measured with a high quality fixed reference (in the case of CCR, with a scale that goes from "much better" to 'much worse")
Threshold Method
Performs direct comparison of the target system with a reference system, such as modulated noise reference apparatus (MNRU).
The first requires special provisions, hence the second method was preferred, 'listening opinion tests' [22] . In [23] , there is a distinction between the two types of subjective experiences; Passive and Active. In the active or interactive experiments, at least two participants were engaged in a conversation using means available to them. In these cases, participants follow certain protocols in accordance with a set plan. A statistical sample of 100 participants were used; 50 males and 50 females young and old. In [24] , the text to be pronounced for the recording must be short, simple and clear. They must be chosen in a random manner, with no relationship between them to allow the evaluator concentrate solely on the quality of what he or she perceives'.
In our study, we opted for a passive listening opinion tests. We conducted a conversation in an environment familiar to participants, while raising the key performance indicators of each conversation, and have listened to a panel that provided us with their feelings through the notation proposed to them. With the passive environment, their opinions were given based on the scale provided to them. The scoring of the conversations heard by the users was done on several different scales.
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The absolute Category Rating (ACR), alternative Discontinuous Category Rating (DCR), the assessment by Comparison Category Rating (CCR) and the threshold method [25] . For our case, we applied a five (5) point ACR Scale (Absolute Category Rating) in TABLE 2 [26] , [27] . [28] , which replaced the Perceptual Evaluation of Speech Quality (PESQ) [29] . The advantages of POLQA with respect to PESQ that justify its replacement are as follows:
of our formula  Allows comparison between the AMR codec used in GSM/3G and the EVRC codec used in the CDMA 2000.  Takes into account two different sampling frequencies depending on the band;NB(8KHz)  The original file as it should be issued (issuer registration)  The "degraded" file that has already passed through a transmission system (recording what the receiver perceives)
 The sampling rate
The PVQA uses 6 input parameters: [24]  "Pvqa.lic" which is a license file issued by Sevana.  Analysis and / or "graph" are the parameter that defines the mode of operation of PVQA.  "ENG_F_40.wav.csv" is the name of the report file where PVQA will store information about the alterations found in the defined slots.  Settings.cfg is a PVQA parameter file prepared and provided by Sevana.  ENG_F_40.wav is an uncompressed wav file for testing  0.799 is the time interval in seconds that the PVQA will use to analyse for depreciations on the one hand and then to predict the MOS score. It will still be used for a number of years because of its backward compatibility and because many countries still have narrowband networks.
Quality of Service (QoS) is one of the ingredients that advertisers sell to customers. Under the law, the duty of the regulator to monitor quality of service is an indication of "good health" of a network. ITU defines QoS as 'the ability of a network or part of the network to perform functions related to communication between users" [26] . During a call, the mobile phone exchanges data with the network. In the upstream direction, it is the results of measurements made by the mobile phone sent to the network.
In optimization standards, KPIs are grouped into five (5) distinct classes: Accessibility, Mobility, Integrity, Continuity and Availability [27] , [28] . Between the parameters that mobile phone exchanges with the network, we chose These two indicators are good for our test because their comparisons help decision-making in cases of technology change (handover inter RAT). Although providing essential information, the two notions do not provide information on the quality of the link or connection. The reference Signal Received Quality (RSRQ) and the CPICH Ec / N0, are ratios between the power of the received signal in the active cell (4G) RSRP or the (3G) RSCP and the other received signals (RSSI in both generations) that are considered to be noise. They are measured only when the mobile phone is in dedicated mode (in this case, it is a voice conversation). The measured RSRQ varies between (-19.5dB and -3dB in 0.5dB) steps. The term Ec/ N0, is a composite term: the Ec represents the energy received by the chip and the N0 being the total noise. The image commonly used to describe this term is the estimate of the Signal-to-Noise ratio hence the following formula:
The Block Error Rate (for both technologies) measures transmission errors and is therefore effective at the physical layer. The terminals must support the BLER measurement. Therefore, the main measurement function of the BLER is to provide feedback for the external loop power control operation. In order to control the power, the second shortest seconds are allocated to the remote user of the base station after the scrambling codes, knowing that theoretically one more chip corresponds to a distance of 70m (in 3G).
The BLER when at 4G, its normal conditions of usage are 2% in an inbound synchronization and 10% in outbound synchronization [31] , [32] .
QOE PREDICTION APPROACH FOR COMPLEX
NETWORKS
Quality of experience prediction tool allows us to extract particular information from the file in question, and in our case are the parameters we need. The extraction software also allows us to save the information as an Excel file. The Excel file once embedded, the Mean Opinion Score (MOS) can be calculated using MATLAB line connection Toolbox to establish a predictive model. Besides, the Tems Discovery, other appropriate tools such as ATIX also have capability to process information. Tools such as Excel, Magic 3 were also used during the simulation.
2) In the second step, we created a montage using specialized software called MAGIC Music Editor 3 to achieve the goal of determining variation in duration and generation. For example, duration of 3 minutes etc. Different timings were set for each network. In carrying out the test, we used 200 inter -RAT calls. For each of these calls, we recorded the KPI parameters. As stated above, calls were made on both 3G and 4G. We then proposed establishing a formula in two levels. The first level, a score of the conversations on each generation and the second combined the two previous levels to give an overall rating. These two formulae were based on the experimental results we had before. As a reminder, we identified three parameters for each of the generations (3G, 4G) ; the following formulae were derived using statistical model in the excel tool. In our evaluation of the case study, a network receiver can switch from 3G to 4G in vice versa during a call (vertical handover). However, where a caller does not change position using same technology no vertical handover takes place. Geographically transmitting and receiving are supposed to be vertical handover. In our case study, both the caller and receiver remain in the same mobile network enabling different technology (3G-4G); in which case horizontal handover does not apply. The following diagram gives us more precision; 
C. Approach
In our calculation of MOS (3G-4G) , we consider different cases of time allocation of the respective technologies in order to simulate the global MOS of the subscribers. This is very important since it could help predict appropriate quality allocation based on the technology while proceeding to a handover. The simple case is while both technologies (3G, 4G) are allocated equal times during the communication, the following expression is used;
The second case corresponds to y when 4G is allocated three quarter of the time slot and x when 3G is allocated quarter of the time. This can be expressed as follows:
The third case correspond to y when 4G is allocated a shorter duration (one fifth) of communication and 3G a longer duration (four fifth). These cases are respectively or above, the communication is considered good. This is true because the quality of the communication is excellent at least when half of the time is utilised. To be acceptable, the communication should last at least half of the time. However, it should also be noted that while the communication might be excellent for 4G, it may be poor for 3G. Fig. 3 illustrate any value of x when y is 1, the communication is considered unacceptable. Even if y is 2, it is still considered bad. The communication of both x and y can only be acceptable when x and y values are 3 or above.
In Fig. 4 when y = 1 indicate global quality is bad for any quality of 3G during the communications. The global quality is still bad for y = 2 in particular for x = 1. For better rating of 3G (x≥2) with y = 2 (MOS) during the same communication leads to a global poor quality of the communication. The communication becomes acceptable only when y and x are 3 or above.
Conclusion
The major challenge for operators and now customers is no longer based on the notion of "the network offering the best quality of service', but the one best perceived from the point of view of the customer with better quality of experience. Through this study, we have produced a model that will allow operators to better estimate or predict the duration that an interRadio Access Technology (RAT) communication must have in each generation of mobile technology. This will help maximize customer satisfaction at the same time increase loyalty based on specific parameters. 
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